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Description 



EFFICIENT AND COMPREHENSIVE 
METHOD TO CALCULATE IC PACKAGE 
OR PCB TRACE MUTUAL INDUCTANCE 

USING CIRCULAR SEGMENTS AND 
LOOKUP TABLES 

Background of Invention 
[000 1 ] Field of the Invention 

[0002] The present invention generally relates to the evaluation 
of circuit designs and more particularly to an improved 
method of determining mutual inductance of wires in an 
electronic design. 

[0003] Description of the Related Art 

[0004] with today's fast off chip signal switching speed, signal 

integrity analysis is very important. Simulation with accu- 
rate integrated circuit (IC) package signal to signal mutual 
inductance is very critical to the analysis, and the same is 



true for (printed circuit boards) PCB. Conventional systems 
sometimes used a slow, expensive, yet highly accurate 
electromagnetic (EM) field solver to determine the mutual 
inductance between or connected to wires on the chip. 
This conventional system has many sophisticated features 
to account for the different non-linear shapes of the 
wires, their distances, etc. However, using an EM field 
solver to generate mutual inductance is very time con- 
suming and computer resource intensive and not practical 
for a large number of nets. 
[0005] The conventional method requires the input of the geom- 
etry of the signal traces and power plane structure into 
the electromagnetic (EM) field solver to generate the mu- 
tual inductances. This method is very accurate, but is also 
very time consuming and difficult to setup when there are 
hundreds or thousands of nets. Therefore, there is a need 
for an improved method of determining mutual induc- 
tance that avoids the time and cost associated with con- 
ventional techniques. The invention described below pro- 
vides such a methodology. 
Summary of Invention 

[0006] The invention provides an improved method of determin- 
ing mutual inductance of wires in an electronic design. 



First, the invention selects a pair of wires. Then, the in- 
vention adds concentric ring lines to the design. The in- 
vention then adds straight line segments representing 
each wire between points where each corresponding wire 
crosses the adjacent ring lines. Each of the straight lines 
run from a point where a corresponding wire crosses an 
outer concentric ring line to a point where the corre- 
sponding wire crosses an inner concentric ring line. The 
invention can then very simply calculate the mutual induc- 
tance between the straight line segments (not the actual 
potentially non-linear wires themselves). The mutual in- 
ductance of the straight line segments only comprises an 
approximate mutual inductance of the wires because the 
actual mutual inductance of the wires may be slightly dif- 
ferent if the wires are non-linear. 
[0007] The invention repeats the foregoing processes for each 

pair of wires until all wire pairs in the system are covered. 
By summing all calculated mutual inductances of the line 
segments, the invention produces an approximate mutual 
inductance of all the wires within the design. Further, the 
invention can reduce the inductance based on the angle 
by which the straight line segments deviate from being 
parallel to one another. 



Brief Description of Drawings 

[0008] The foregoing and other objects, aspects and advantages 
will be better understood from the following detailed de- 
scription of a preferred embodiment(s) of the invention 
with reference to the drawings, in which: 

[0009] Figure 1 is a schematic diagram of an electronic design 
having concentric rings added thereto; 

[0010] Figure 2 is an expanded schematic diagram of a portion of 
the drawing shown Figure 1; and 

[° 011 ] Figure 3 is a flow diagram illustrating a preferred method 
of the invention. 
Detailed Description 

[0012] As mentioned above, there is a need to reduce the cost 
and time associated with finding mutual inductance of 
wires on integrated circuit designs and chips. The inven- 
tion provides a methodology that substantially simplifies 
the process of finding mutual inductance of wires on inte- 
grated circuit designs. While this simplification comes at 
the price of a slight reduction in accuracy, the overall sav- 
ings in time and computing resources more than makes 
up for the reduction in accuracy. For example, with the in- 
vention, the computer run time to calculate the mutual in- 



ductance of wires in an integrated circuit chip will be min- 
utes as compared to days when using direct EM simula- 
tion. 

[0013] The invention begins first by selecting a pair of traces and 
then draws concentric rings 14 on the design, as shown in 
Figure 1. The electronic design can comprise an inte- 
grated circuit (IC), package, and printed circuit board 
(PCB), wiring design, or any other type of design that in- 
cludes conductive features that would produce mutual in- 
ductance. Figure 1 illustrates an exemplary die 10 wiring 
segments/traces 11, 12. Item 13 illustrates the package in 
which the die 10 is contained. The concentric rings can 
cover just a portion of the design (if only a portion of the 
design is to be evaluated). Alternatively, the rings 14 can 
cover the entire design or even go beyond the design 
boundaries if necessary to cover all aspects of the design. 

[0014] signal wire to signal wire mutual inductance is calculated 
by dividing the traces 11, 12 into wiring segments that 
run between two adjacent concentric rings (an inner con- 
centric ring 20 and an outer concentric ring 21) as shown 
in Figure 2. Then, the invention adds straight line seg- 
ments 22, 23 representing each wire 11, 12 between 
points where each corresponding wire crosses the adja- 



cent ring lines 20, 21. Each of the straight lines run from a 
point where a corresponding wire (e.g., 11) crosses the 
outer concentric ring line 21 to a point where the corre- 
sponding wire (e.g., 11) crosses the inner concentric ring 
line 20. The invention can then very simply calculate the 
mutual inductance between the straight line segments 
(not the actual potentially non-linear wires themselves) 
based on the distance 24 between the centers of the seg- 
ments 22, 23. The mutual inductance of the straight line 
segments only comprises an approximate mutual induc- 
tance of the wires because the actual mutual inductance 
of the wires may be slightly different if the wires are non- 
linear. 

[0015] jhe process of "calculating" the mutual inductance be- 
tween the straight line segments 22, 23 can comprise an 
actual calculation or a simple reference to a previously 
prepared table. The actual calculation can be performed 
using any conventional inductance calculation scheme, 
such as the EM field solver algorithm discussed above. Al- 
ternatively, a table of mutual inductances that is based 
upon distances between straight wires can be calculated 
beforehand (again using any conventional inductance cal- 
culation scheme). Then, wiring segment to wiring segment 



mutual inductance is approximated simply by finding the 
separation distance 24 and looking up the mutual induc- 
tance values from the table. The inductance per unit 
length from the table is multiplied by the segment length 
to obtain the mutual inductance for this segment. If the 
distance between adjacent rings is made small enough, 
the error introduced by segment approximation is negligi- 
ble. 

[0016] The tables can be built for mutual inductance per unit 
length for different spacings and cross-sections so that 
they are easily applied to many different types of wiring 
designs. Therefore, preferably, the invention first sets up 
the tables of mutual inductance values based on trace to 
trace separation distance using a conventional EM field 
solver. These tables only need to be setup once and can 
be reused over and over again. This method provides a 
fast and systematic method which is easily implemented 
in a computer program. 

[0017] The invention repeats the foregoing processes for each 

pair of wires and the same process is repeated for any two 
wire pair combinations until all traces are accounted for. 
Thus, this method can be used for two or more (unlimited 
number) traces because the mutual inductance between 



two trace is independent of the existence of other traces. 
This invention can also be easily used to generate mutual 
inductance for signal two traces by simply comparing a 
given wire to all other wires. With the invention each line 
that crosses adjacent concentric ring lines is compared to 
another line that cross the same concentric ring lines, one 
pair at a time. By summing all approximated mutual in- 
ductances of the line segments, the invention produces an 
approximate mutual inductance between a pair of wires. 
The same process is repeated for all wire pair combina- 
tions. 

[0018] jo increase accuracy, the mutual inductance is further ad- 
justed by a scaling factor (cosine of angle) which accounts 
for the angle between the two segments. For example, if 
the two segments are perpendicular and at a right angle 
(90 degree) to one another, the scaling factor should be 0 
(right angle has no mutual inductance). If two segments 
are parallel (0 degree difference), the scaling factor is 1 
(100% of parallel line coupling). 

[0019] Figure 3 shows the forgoing process in flowchart form. In 
item 30, the invention sets up the tables by extracting the 
mutual inductance of two theoretical parallel traces at dif- 
ferent spacings using any conventional EM field solver. In 



item 32, the invention begins with the integrated circuit 
package or PCB geometry. The invention works on two 
traces at a time and draws concentric rings from the cen- 
ter of the chip. Alternatively, if wires are not wired out ra- 
dially, the center of said concentric rings changes for each 
different pair of wires. Therefore, the invention can repo- 
sition the center of the concentric rings at an intersection 
of the straight line projections of the beginning and end- 
ing points of each pair of wires. 

[0020] Each of the traces is divided by the rings into segments. In 
item 34, the invention finds the distance between the cen- 
ter points of the two segments and looks up the mutual 
inductance of such a distance from the previously pre- 
pared table. The invention then adjusts the mutual induc- 
tance based upon the difference in angle of the two seg- 
ments in item 36. Finally, in item 38, the invention sums 
up the mutual inductances for all segments to form an 
approximate mutual inductance for the entire trace or for 
the entire design. 

[0021] while the invention has been described in terms of pre- 
ferred embodiments, those skilled in the art will recognize 
that the invention can be practiced with modification 
within the spirit and scope of the appended claims. 



